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signal current and the capacitor voltage dung such a long charging period (599 ns). 
The resetting switches are n-MOS transistors 23A and 23B. 2 pm/0.8 pm. The 
capacitors are MOS capacitors 28A and 28B, both 20 pF. The width of the linear 
weighting W&S signal is 599 ns, corresponding to n=599. The maxinaum differential 
output sannple voltage is around 100 mV. FIG 13B shows the theoretical frequency 
response in solid line and the HSPICE® simulated frequency response in dots for 
fin=990-1010 MHZ. The simulated frequency response is basically in accordance 
with the theoretical frequency response. Both have M^^^ = 2 MHZ. For the same 
reason mentioned above, the maximum adjacent peak of the implementation 26 is - 
30 dB. lower than that of the theoretical response.-- 



Please replace the ABSTRACT with the following: 



-A charge sampling circuit, having a control signal generator for controlling 
an analog input signal to the charge sampling circuit to be integrated by an 
integrator during a sampling phase responsive to a sampling signal from the control 
signal generator is presented. The current of the analog input signal is integrated to 
an integrated charge for producing one of a proportional voltage and current sample 
at a signal output at the end of the sampling phase.- 




IN THE CLAIMS 

Page 19, line 1, repl2f6e the section heading with -What is claimed is:- 
Please C^NCEJ. claims 1-31. 

Please ADD new claims 32-61 as follows: 

\ (New) A charge sampling circuit, ^mprising: 

a control signal generator for controllin^^an analog input signal to the charge 

sampling circuit; and ^ re.C'VI 

an integrator for integrating^he anara'^ input signal during a sampling phase 
responsive to a sampling signal from the^^ontrol signal generator, wherein a current 
of the analog input signal is integrated/fo an integrated charge\for producing one of 
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a proportional voltage sample and a proportional curre/it sample at a signal output 
upon completion of the sampling phase. 

^ / 

(New) The charge sampling circuit according to claim 52. further 
comprising: / 

a sampling switch having a signal input for analog input signals, a signal 
output connected to a signal input of said integrator, and a control input connected 
to a sampling signal output of said control signaj generator for controlling the switch^ ^ 
to be on only when said sampling signal from the generator is in a sampling phase. 

34. (New) The charge sampl/ng circuit according to claim 32, wherein the 
control signal generator is adapted to/control the integrator to hold the sample until a 
resetting signal from the generator is applied to a control input of the integrator. 

(New) The charge sampling circuit according to claim wherein if 
said sampling phase is from time t^ to time tj, said sample represents the instant 
value of said analog signal at time ts = /ti + tg) / 2 and differs from said instant value 
with a coefficient comprising a constant part and a frequency dependent part 
(sin(2rTfi At)) / (2TTfiAt). where fj is the frequency of the Ith component of said analog 
signal and At = (tg - tj / 2. 

yf, (New) A differential charge sampling circuit, comprising: 
a first charge sampling circuit having a first integrator; 
a second charge sampling circuit having a second integrator; 
a first analog input being k signal input of the first charge sampling circuit; 
a second analog input b^ing a signal input of the second charge sampling 

circuit; 

a first signal output bei^g a signal output of the first charge sampling circuit; 
a second signal outpu/ being a signal output of said second charge sampling 
circuit; and 
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a common control signal generator for contrplling an analog input signal 
provided to the first and second analog inputs, wnerein the first and second 
integrators integrate a respective portion of the/analog input signal during a 
sampling phase responsive to a sampling signal from the common control signal 
generator. / 

% / i 

(New) The differential charge sampling circuit according to claim yS, 

/ 

wherein the first integrator and the second integrator form a single differential 
integrator having two inputs for int^ating a differential current of said analog signal 
and for producing differential samples at said first signal output and at the second 
signal output of the differential Charge sampling circuit. 

38. (New) A band-pass charge samt>ling circuit, comprising: 
a control signal generator for controllijpg a first and second portion of a 
differential analog signal; 

a first signal input for receiving the fii^t portion of the differential analog 

signal; 

a second signal input for receiving tfie second portion of the differential 
analog signal; 

an integrator; and 

a weighting-and-sampling elemenlifor processing the differential analog 
signal during a weighting-and-sampling pinase responsive to a weighting-and- 
sampling signal from said control signal generator, wherein a current of said 
differential analog signal passes througft said weighting-and-sampling element only 
when said weighting-and-sampling sigr/al is in a weighting-and-sampling phase, said 
control signal generator is adapted for controlling an output signal of said weighting- 
and-sampling element to be integratea by the integrator during said weighting-and- 
sampling phase, and a current of the output signal of said weighting-and-sampling 
element is integrated to an integratedfcharge for producing one of a proportional 



10 



Atty. Dkt. No. 026125-068 



\ voltage sample and a proportional cprent sample at a signal output upon 
Icompletion of said weighting-and-sampling phase. 

I 'i 

p9. (New) The band-pass charge sampling circi^t according to claim Zp, 
further comprising: 

a first switch having 

a signal input coupled to the first signal |hput of the band-pass charge 
sampling circuit for receiving the first portion of the differential analog signal, 

a signal output connected to a sign^ input of said weighting-and- 
sampling element, and 

a control input connected to a o\o<tk output of said control signal 
nerator for controlling the first switch to be c/h only when a first clock signal is 
^eceived; and 

a second switch having 

a signal input coupled to the second signal input of the band-pass 
charge sampling circuit for receiving the second portion of the differential analog 
signal. / 

a signal output connectedao said signal input of said weighting-and- 
sampling element, and / 

a control input connected to an inverse clock output of said control 
signal generator for controlling the sXitch to be on only when a second clock signal 
is received, wherein said weightingXnd-sampling element includes a control input 

connected to a weighting-and-sampling signal output of said control signal generator 

/ 

whereby the current of said analog signal passes through said weighting-and- 

I 

sampling element only when said weighting-and-sampling signal is in a weighting- 
and-sampling phase containing/a number of cycles, n, of the first and second clock 
signals, the current of said ana/og signal is controlled by said weighting-and- 
sampling signal using one of a constant, a linear, and a Gaussian weighting 
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function, and the integrator includes a controlwnput connected to a resetting signal 
output of said control signal generator. 

40. (New) The band-pass charp^ sampling circuit according to claim 38, 
wherein the control signal generator is^dapted to control the integrator to hold the 
sample until a resetting phase controlled by said resetting signal begins. 

(New) The band-pass charge sampling circu|t according to claim 38, 
wherein said samples represent a base-band content of slaid analog signal, and the 
output frequency is f^^.^ = Ifj^ - (2p -1 % I for 2(p-1 % £ fj^ ^ ipfc. where fj^ is one of a 
plurality of frequency components of said analog signal, f^ is a frequency of said 
clock, and p is an integer greater than or equal to 1 , iind a phase of said output 
frequency depends on a phase of said fj^ and a ph^se of said f^, wherein p=1 
efines a major frequency response range and the same shape of frequency 
esponse is repeated for p>1 but the amplitudes^re reduced, and for a given p, the 
same output frequency is obtained for frequencies f^i <{2p-^)% and fj^g >(2p-1)fc 
when (2p-1)f^; - fj^^ = 1,^2' {2p-1)fc but with different phases, and the bandwidth and 
the shape of said frequency response depend on said number of cycles, n, the 

larger A? the narrower the bandwidth, and said weighting function and said band-pass 

/ 

charge sampling circuit operate simultaneously as a filter, a mixer and a sampler. 



V< / 



(New) A differential band-pass charge sampling circuit, comprising: 
a common control signal generator for controlling a first and second portion of 
a differential analog signal; 

a first band-pass charge sampling circuit, having 

a first signaf input operating as a first signal input of the differential 
band-pass charge sampling circui/for receiving the first portion of the differential 
analog signal, 
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a second signal input operating as a second signal input of tlie 
differential band-pass charge sampling circuit for receiving the second portion of the 
differential analog signal, 

a first integrator having an output ^'perating as a first signal output of 
the differential band-pass charge sampling circuit, and 

a first weighting-and-sampling element coupled to the first integrator; 
and / 

a second band-pass charge sampling circuit, having 

a first signal input coupled to/the second input of the first band-pass 
charge sampling circuit. / 

a second signal input coupled to the first input of the first band-pass 
charge sampling circuit, / 

a second integrator having an output operating as a second signal 
output of the differential band-pass charge sampling circuit, and 

a second weighting-and-sampling element coupled to the second 
integrator, wherein the first and second weighting-and-sampling elements process 
the differential analog signal during/a weighting-and-sampling phase responsive to a 
weighting-and-sampling signal from said control signal generator, a current of said 
differential analog signal passes through said weighting-and-sampling elements only 
when said weighting-and-sampling signal is in a weighting-and-sampling phase, said 
control signal generator is adapted for controlling an output signal of each first and 
second weighting-and-samplina elements to be integrated by the respective first and 
second integrators during said/weighting-and-sampling phase, and a current of each 
output signal of the first and second weighting-and-sampling elements is integrated 
to an integrated charge for producing one of a proportional voltage sample and a 
proportional current sample at the respective first and second signal outputs of the 
differential band-pass charge sampling circuit upon completion of said weighting- 
and-sampling phase. 
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m,r (New) The differential band-pass charge sampling circuit according to 
claim ^/wherein the first and second integrators form a single differential integrator 
for integrating the differential current of said analog signal and for producing 
differential samples at the first signal outpdt and the second signal output of the 
differential band-pass charge sampling/circuit. 

44. (New) A parallel charge sampling Circuit, comprising: 
a plurality of charge sampling circuits, e^ch charge sampling circuit having, 
a control signal generator for qontrolling an analog input signal to the 
charge sampling circuit; and 

an integrator for integrating^ the analog input signal during a sampling 
ase responsive to a sampling signal/Trom the control signal generator, wherein 
all analog first signal inputs are connected together as a common 
analog signal input of said parallel ^harge sampling circuit, all control signal 
generators of said charge sampling circuits are replaced by a common control signal 
generator, a multiplexer having^ plurality of signal inputs connected to the signal 
outputs of said charge sampling circuits respectively, control inputs connected to 
multiplexing signal outputs (Df said common control signal generator, and a signal 
output for multiplexing the^outputs of said charge sampling circuits to the output of 
said parallel charge samlpling circuit when the outputs of said charge sampling 
circuits are in holding g/nases. 

(New) A differential parallel charge sampling circuit, comprising a 
Umber of differential charge sampling circi/its each having a differential charge 
sampling circuit, comprising: 

a first charge sampling circuit hayfng a first integrator; 
a second charge sampling circuit having a second integrator; 
a first analog input being a sional input of the first charge sampling circuit; 
a second analog input beingya signal input of the second charge sampling 

circuit; 
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a first signal output being a signal output of the^first charge sampling circuit; 
a second signal output being a signal output of said second charge sampling 
circuit; and / 

a common control signal generator for controlling an analog input signal 
provided to the first and second analog inputs, j 

all first inputs are connected together as a^common first signal input of said 
parallel charge sampling circuit for receiving a first end of a differential analog signal, 
all second inputs are connected together as a common second signal input of said 
parallel charge sampling circuit for receiving a second end of said differential analog 
signal, and all control signal generators of said charge sampling circuits are replaced 
by a common control signal generator, a multiplexer having a plurality of signal input 
pairs connected to the signal output pairs of^said charge sampling circuits 
respectively, control inputs connected to multiplexing signal outputs of said common 
control signal generator, and a signal output pair for multiplexing the output pairs of 
said charge sampling circuits to the outpi^^ pair of said parallel charge sampling 
circuit when the output pairs of said charge sampling circuits are in holding phases. 

(New) The parallel charge sampling circuit according to claim 
wherein said common control signal generator has a clock input, a plurality of 
sampling signal outputs, a plurality of/resetting signal outputs, and a plurality of 
multiplexing signal outputs for generating said plurality of sampling signals at the 
sampling signal outputs connected to the control inputs of the switches of said 
charge sampling circuits respectively, and for generating said plurality of resetting 
signals at said resetting signal outputs connected to the control inputs of the 
integrators of the charge sampling circuits respectively, and said plurality of 
multiplexing signals are generated at the multiplexing signal outputs, and said 
resetting signals, said sampling/signals and said multiplexing signals are evenly 
timeinterleaved. 
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Jrr, (New) A parallel band-pass charge samp^ling circuit compnsing a 
plurality of band-pass charge sampling circuits each having band-pass charge 
sampling circuit, comprising: / 

a control signal generator for controlling a first and second portion of a 
differential analog signal; / 

a first signal input for receiving the first portion of the differential analog 
signal; j 

a second signal input for receiving the seqond portion of the differential 
analog signal; 

an integrator; and 

a weighting-and-sampling element for processing the differential analog 
signal during a weighting-and-sampling phase responsive to a weighting-and- 
sampling signal from said control signal generator, wherein all first signal inputs are 
connected together as a common signal in[^ut of said parallel band-pass charge 
sampling circuit for receiving a first end of ^ differential analog signal, all second 
signal inputs are connected together as a ^common second signal input of said 
parallel band-pass charge sampling circuit for receiving a second end of a 
differential analog signal, the first switches are one of separate and merged, the 
second switches are one of separate arjd merged, and all control signal generators 
in said band-pass charge sampling cirquits are replaced by a common control signal 
generator, and a multiplexer having a plurality of signal inputs connected to the 
signal outputs of said band-pass charge sampling circuits, control inputs connected 
to multiplexing signal outputs of said common control signal generator, and a signal 
output for multiplexing the outputs off said band-pass charge sampling circuits to the 
signal output when the signal outputs of said band-pass charge sampling circuits are 
in holding phases, whereby the signal output is the signal output of said parallel 
band-pass charge sampling circuit/ 

*^ / 

Jf8. (New) A parallel band-pass charge sampling circuit comprising a 
plurality of band-pass charge sarppling each having: 

16 
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a common control signal generator for controlling a first and second portion of 
a differential analog signal; 

a first band-pass charge sampling circuit, havij^g 

a first signal input operating as a first signal input of the differential 
band-pass charge sampling circuit for receiving the/first portion of the differential 
analog signal, / 

a second signal input operating as a second signal input of the 
differential band-pass charge sampling circuit for receiving the second portion of the 
differential analog signal, / 

a first integrator having an output operating as a first signal output of 

/ 

the differential band-pass charge sampling circuit, and 

/ 

a first weighting-and-sampling .element coupled to the first integrator; 
and / 

a second band-pass charge samplirig circuit, having 

/ 

a first signal input coupled to the second input of the first band-pass 
charge sampling circuit, / 

a second signal input coupled to the first input of the first band-pass 

charge sampling circuit, / 

a second integrator having an output operating as a second signal 

/ 

output of the differential band-pass charge sampling circuit, and 

/ 

a second weighting-and-sampling element coupled to the second integrator; 
wherein all first signal inputs Jre connected together as a common first signal 

input of said parallel band-pass charge sampling circuit for receiving a first end of a 

I 

differential analog signal, all second signal inputs are connected together as a 

/ 

common second signal input of said parallel band-pass charge sampling circuit for 

I 

receiving a second end of a differential analog signal, all the first switches in said 

first band-pass charge sampling circuits are one of separate and merged, all the 

f 

second switches in said first band-pass charge sampling circuits are one of separate 
and merged, all the first switches in said second band-pass charge sampling circuits 
are one of separate and merged/, all the second switches in said second band-pass 

17 
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charge sampling circuits are one of separate and rtieraed, all control signal 
generators of said band-pass charge sampling circuits are replaced by a common 
control signal generator, and a multiplexer with said^umberof signal input pairs 
connected to the signal output pairs of said band-pass charge sampling circuits, 
control inputs connected to multiplexing signal outputs of said common control 

signal generator, and an output pair for multiplexing the output pairs of said band- 

I 

pass charge sampling circuits to the signal output pair when the signal output pairs 
of said band-pass charge sampling circuits are in holding phases, whereby the 
signal output pair is the signal output pair of said parallel band-pass charge 
sampling circuit. / 

Ji^, (New) The parallel band-pass ^harge sampling circuit of claim 

wherein the common control signal generator includes a clock input, a clock output, 

I 

an inverse clock output, a plurality of weighting-and-sampling signal outputs, a 

I 

plurality of resetting signal outputs and a plurality of multiplexing signal outputs, 
whereby the clock input is the clock input pf said parallel band-pass charge sampling 



circuit for use in generating a clock signal at the clock output of said common signal 
control generator connected to the cont^l inputs of all first switches of said band- 
pass charge sampling circuits, and an inverse clock at the inverse clock output 
connected to the control inputs of all second switches of said band-pass charge 
sampling circuits, said plurality of weighting-and-sampling signal outputs are 
connected to the control inputs of all i^eighting-and-sampling elements of said band- 
pass charge sampling circuits, said blurality of resetting signal outputs are 
connected to the control inputs of all integrators of said band-pass charge sampling 
circuits, and said plurality of multipl^exing signals, resetting signals, sampling signals, 
and multiplexing signals are evenly timeinterleaved. 

V / ^ 

50. (New) The charge sampling circuit according to claim further 
comprising an analog frequency/compensating circuit having a signal input for 
receiving an analog signal, and ^ signal output, with a frequency response 

18 
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proportional to (2n At) / (sin (2n f, At)), wherein ^the signal output is connected to 
the signal input of said charge sampling circuit. 

I 1 

yf, (New) The charge sampling ciircuit according to claim further 
comprising an analog frequency compensating circuit having a signal input pair for 
receiving an analog signal, and a signal output pair, with a frequency response 



proportional to (2n f; At) / (sin (2n fj At)),^wherein the signal output pair is connected 
to the first signal input and the second signal input of said charge sampling circuit. 

(New) The charge sampling circuit according to claim further 

comprising a digital frequency comp4nsating circuit with a frequency response 

I 

proportional to (2n fj At) / (sin (2n/fi At)) connected after an A/D converter converting 
the signal output of said charge sampling circuits to a digital signal. 

(New) The charge sampling circuit according to claim further 
comprising a digital frequencwcompensating circuit with a frequency response 
proportional to (2n fj At) / (si/ (2n fj At)) connected after an A/D converter converting 
the signal output pair of saici charge sampling circuits to a digital signal. 

54^ (New) A two-step band-pass charofe sampling circuit comprising a first 



and second band-pass charge sampling circyft comprising: 

a first signal input and a second signfal input for receiving a first and second 
end of a differential analog signal, respe^ively. in said first band-pass charge 
sampling circuit for producing si^Qal^mnpfes at the signal output or output pair of 



said first band-pass charge sampliipg^rcuh^ a first sample rate; 

a chopping circuit for chopping tlj^ignal from the first band-pass charge 
sampling circuit symmetrically^intime at its signal output or output pair with the 
frequency of a clock signal equal to said first sample rate; 

a differential-out amplifier for amplifying the signal from the chopping circuit 
differentially at its signaj^utput pair; 

19 
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wherein the first signal input and the second signal input of said second band- 
pass charge sampling circuit are connected to the sigripl output pair of said amplifier 
for producing signal samples at the signal output or opput pair with a second 
sample rate. 

55^ (New) The two-step band-pass charge sampling circuit according to 
clainv64^ further comprising a clock signal genei^ator having a clock input for 
receiving a first clock signal used by the first band-pass charge sampling circuit, and 
generating a second clock signal simultaneously fed to a clock input of said 
chopping circuit and a clock input of said second band-pass charge sampling circuit. 




56y (New) A front-end sampling radio receiver apparatus having a first and 
second^nd-pass charge sampling circuit/comprising: 

a low pass filter with a banc^fic^vup tol^ce the clock frequency for receiving 
and filtering a radio signal; 

a low noise amplifier for producir/g ^ dif^rentially amplified radio signal from 
the filtered signal; 

a local oscillator for producing an l-clock signal at its signal output; and 
a n/2 phase shifter with a signal input connected to the local oscillator for 
producing a Q-clock signal at its signal output with the same amplitude and n/2 
phase shift with respect to said l-cjock signal; 

wherein two ends of the signal output pair of said low noise amplifier are 
respectively connected both to t^e first band-pass charge sampling circuit and the 
second band-pass charge sampling circuit respectively, said l-clock signal output is 
connected to the clock input o^said first band-pass charge sampling circuit, and said 



Q-clock signal output is connected to the clock input of said second band-pass 

/ 

charge sampling circuit, for producing base-band l-samples of said radio signal at 
the signal output or output pair of said first band-pass charge sampling circuit, base- 
band Q samples of said radio signal at the signal output or output pair of said 
second band-pass charge sampling circuit. 

20 
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^JSff^ (New) The front-end sampling radip^ceiver apparatus according to 
claim 56. wherein 

said local oscillator, said phase shiffer and the clock generators of said first 
and second band-pass charge^samQii^ circuits are combined for producing 
differential l-clock signals and Q^(ock2\gna\s\ 

said base-band l-sanipte ajjd^-samples are converted either by two 
separate analog-to-digitaJ/<5onverters or by a single analog-to-digital converter with 
multiplexing to digitaLsflgnals; and 

said digitaL^nals are processed by a digital signal processing unit; 
wheretsVsaid front-end sampling radio receiver apparatus has simplified 
analog pa;*^and wherein the capability of the digital signal processing unit is highly 
utilizec 



^ (New} A ni^hod of charge sampling comprising the steps of: 
integratin input signal during ar sampling phase, wherein the 

current of the analog input signal is integrated to an integrated charge; and 

producing one of a proportional voltage/rand a proportional current sample of 
said Integrated charge at the end of said san/pling phase. 



IT 1 ^jt 

5§. (New) The method according to claim wherein if said sampling 
phase is from time \ to time tg, said sample represents the instant value of said 
analog signal at time tg = (t,, + tg) / 2 andiliffers from said instant value with a 

coefficient consisting of a constant part and a frequency dependent part (sin (2n f, 

/ 

At)) / (2n fi At) , where f, is the frequency of the ith component of said analog signal 
and At = (tz - t,) /2. 



(New) The method according to claim §jBC wherein said analog input 

signal is a differential analog sign4l. and said one of a proportional voltage and a 

/ 

proportional current sample of said integrated charge is a differential signal. 



/ 
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(New) A method of charge sampljfig, comprising steps of: 
weighting a first and second end of a ^fferential analog signal during a 

weighting-and-sampling phase; 

integrating the weighted signal during said weighting-and-sampling phase. 

wherein the current of the weighted signal is integrated to an integrated charge; and 
producing one of a proportional /oltage and a proportional current sample at 

the end of said weighting-and-sampligig phase, 
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